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SUMMARY

Thisreportcontainacompleteresultsobtainedtodeterminethe

effectsofcompressibilityathighMachnumbersona -J--scaiemodel
16

oftheBellXE+ltransonicresearchairplanesndthereforesupersedes
NACARM No.L7A03whichwaspreviouslypreparedat theLangley&foot
hig&speedtunnel.

Theseresultsarepresentedforseveralmodelconfigurations
througha Wch numberrangefrom0.4toapproximately0.95.Allthe
datahavebeencorrectedfa tareforces.

At a Wch numberof 0.78a dragforcebreakoccursforthehigh-
speedlevel-flightliftcoefficient(CL= 0.1). Thisforcebreak
isaccompaniedby a rapid increase in drag coefficientwithincrease
inspeed.At a ~ch numberof0.925thedragcoefficientisabout
fiveendone-halftimesthesubcriticalvalue.A liftforcebreak
occursat a Machnumberpf0.80foran angleofattackof @. At a
Wch numberof0.875theliftcoefficientdecreasesrapidlytoapproxi–
matelyzero.At a Machnumberof 0.92’5,theliftcoefficientincreases
againtoa valueof 0.2.

Thisconfigurationhasa highdegreeofconstant-speedstatic
longitudinalstabilityexceptfora narrowrsngeofMachnumbers
(approximately0.875 to 0.c30) at lowliftcoefficients.

Stabilizersndelevatoreffectivenesstendtodecreaseat the
highMachnumbers,butno seriouscontrolpro%lerasareexpectedup to
thehighestWch nunberinvestigatedbecausethelowestde~ee of
effectivenessisstilJof suchmagnitudeas tobe ableto produce
changesintrimforlevelflightat thedesiredaltitudes.

Tuftsurveysoftheaftportionofthefuselageshowedno sepa-
rationorunusualflowpatterns Upto a Mch nunherof 0,925 fora
maxhum”angleofattackof 3° anda msxhumyawsngleof2.2°.
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2 commmm NACARM No.Z8A12

Theresultsshowthatthespeed-retardingbrakesarebarelycapable
ofreducingtheterminalvelocityoftheairplanetothecriticalhch
numberrange.

●

INTRODUCTION
.

Thisreportsupersedestheresultspresentedinreference1 and
pertainstodatarelativetotheforceandlongitudinalstabilityand

1
controlcharacteristicsofa —-scalemodeloftheBellX&l transonic

16
researchairplaneathighMachnumbers.TIMtestsweraconductedin
theLsmgley&foothig&speedtunnelattherequestoftheAirMateriel
Command,_ AirForces.

At thetimeoftheX&l modelinvestigation,forwhichresultswere
pu%lishedinreference1,difficultywasexperiencedinobtainingtare
data. Itwasno lessdifficultto obtaintarecorrectionsfcmthe
presentresults,butpriorto thetestsa moresensitivebalancesystem
wasinstalledandduringthetestprogramsufficienttareconfigurations
wereincludedto correctallconfigurationsoftheregularmodelinvesti-
gated.Themoresensitivebalancesystemwasusedfortheregularmodel
testingalso. Therefore,thisreportwillsupersedetheresultsquali-
tativelypresentedinreference1,

Theresultspresentedhereinwereobtainedforthemodelwithout
thesimulationofrocketpower.Anglesofattackof+o, 0°,30,~d Go
wereinvestigated,aswellas stabilizersettingsof-3°,0°,emd3°and
elevatordeflectionsof-30,0°,30,and60. Theaerodynamiccharacter-
isticsofa fuselagespeed-rsductlonbrakewerealsoinvestigated.
Visualobservationsweremadeofwoolentuftslocatedonthefuselage
sideaftofthewingtrailingedgeas an indicationofanyflow
disturbanceinthisregion.

—

SYMEm8s

ThesymbolsusedInthisreportand‘theirdefinitionsareas
follows:

v free-streamvelocity,feetpersecond

P free+streamdensity,slugspercubicfoot m—

q -c Presswe,poundspersquarefoot
()
$$

a velocityof sound,feetpersecond(49.O@, T in % absolute) +
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M (}TWch nunber -

L lift,pounds

D drag,pounds

Mcg pitthingmoment,
foot-pounds

% wingarea, 0.508
.-
C mea aerodpamic

LCL=—
~h

%=~
~%

c! =
mcg

a

dCL

a%outcenterofgravity(25percent‘E),

squarefoot

chord,3.6o7inches

3

angleofattackmeasuredwithrespectto fuselagecenterline,
degrees

angleof incidenceofthehorizontaltallwithrespectto
fuselagecenterline,degrees

elevatoranglewithrespecttohorizontal-tailchordline,
degrees

effectivedownwashemgle,degrees

distancefromcenterofgravitytoaerodynamiccenterofwig
fuselagecombination(positivewhencenterofgravityis
rearwerd)

yawanglemeasuredwithrespectto fuselagecenter
(positivewithrightwingreterded),degrees

staticlongitudinalsta%ilityofthewi~fuselage

lift-curveslopeofthew-fuselage combination

line

combination

~ateof chmge ofdownwashatthetailwithliftofthewing

lift-curveslopeofthehorizontaltail

CONFIDENTIAL
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Su-bsoripts:

t horizontaltail

w wln#’usel.agecombination

m-, APPARATUSANDMETEclDs

NACAW No.I&l12

—

i-

AlrplaneandMdel

TheBellXS-1isa single-plaoe,straight
designedfor extremevariationsinspeed,wing

mldwingresearchairplane
loading,andaltitude.

Theairplaneemploysa rocketmotorand1sequippedwithan ad$uitable
powe-iven stabilizer.

A’—-scale,all-metal,solid-oonstructhnmodel,whiohoonsisted~6
ofa wing,fuselage,andempennage,wassuppliedby theEellAlroraft
CorporatIonforthisinvestigation.Theprincipaldimensionsof
theBell-1 researohairplaneas testedIntheLangley8-foothigh-
speedtunnelareshownInthethree+ibwdrawinginfIgure1. The
physicalcharacteristicsoftheairpl+nearegivenintgbleI. The
speed+reductionbrakessuppliedby theNACAweremadeofsolidcluralumin
andlocatedonthesidecenterlineofthefuselageaftofthewing
trailingedgeas showninfigure1. Themodelstabilizercouldbe set
forincidenoeanglesof&6°,*3°, andOO. Hcmizontaltailswithbuilt- V
inelevatorsettings,leavingno gapsbetweenthestabilizerandelevator,
weresuppliedfortheelevatadeflections.

ApparatusandWthods —

TheIangley8-foothigh-peedtunnel,inwhiohthisinvestigation
wasconduoted,isa singl-return,closed-throatt~e capableof
obtafning- tunnelempty- a Maohnumberofunityinthetestsection.
Thetunnelalrvelocityiscontinuouslycontrollable.Forthis
investigation,hch nunibersup toapproximately0.95 wereobtainedby
theuseofa sti~upport system.

Tunnelsti~upport system.-Jhordertodispensewiththe
interferenceeffectsof conventionalsupportstrutsathighMachnumbers
andtopermitmodeltestingata Mch nuniberapproachingunity,the
modelwasmountedona sti~upport systemas showninfigure2. The
stingsupportextendedfromtherearofthefuselagetoa shieldedstrut r
mountedverticallyandconnectedtothetunnellalancesystem.The
stingshieldextended2.60 inchesinfrontofthevertioalsuppcm+strut
fairing.A smoothfairi~waslocatedonthestingdirectlyin #

coNFIDmIAL
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frontofthegapbetweenthestingendstingshieldin orderto prevent
directflowintothesupportshield.I?igure2 showsthesti~upport
systemandalsothetaresetupintheIangley&foot hig&speedtunnel
testsection.

Tme setupandevaluation.-Auxiliaryarmsto supportthemodelas
shownInfigure2 wereusedtodeterminethetarevaluesofthesupport
systemandinterferenceeffects.Thesupportsintheregionofthe
modelwere&percent+thickairfoilssweptback30°tominimizeinterference
effectsanddelayeffectsdueto compressibilityforthetestWch number
range.Thereminingpsrtsofthetaresupportswerethinplatesextending
backandconnectedto thesupportstrut.

Thetaresetupsandthemethodby whichallthedatapresentedin
thisreporthavebeencorrectedareillustratedinfigure3. Guywires
fromthewingtipswereusedonalltsrerunssothatthesystemwould
be rigidwhenno stingwasused. Threemodeltareconfigurationswere
requiredto evaluatethetsxeforces.Forthetareconfigurationwithout
thesting,thestingwasreplacedby a smallfuselagefairing.This
fairingwasrelativelybluntbecauseofthegeometryofthefuselage
contours,smdalso,itwasbelievedthata longerfuselagefairingwould
changethebasicpitchin~omentcharacteristicsofthefuselage.The
assumptionsincludedinthetsreevaluationsrethattheinterference
effectsofsrmson stingandstingonarmsarenegligible.

k orderto indicatethemagnitudeoftheeffectsofthetareson
thepltchi~nt coefficientofthe=1 model.figure4 hasbeen
prep&edf= anglesofattackof 0°and3°. “ -

TESTSAND~S

TestConditions

Thesetestswererunthrougha Machnumberrange
approximately0.95. ThemcdelReynoldsnuniberranged

from 0.4 to
forthesetests

fromapproximately1.03x 106to1.8 x 106 andwasbasedona model
meenaerodynamicchordof 3.607inches.

Measurements

Theforcemeasurementserepresentedaa standardNACAnondimensional
coefficients.Thesecoefficientsarebasedona modelwingsrea
of 0.508squarefoot. Thepitchingmomentsw’eretakenabouta cente~
of-gravityposition(0.253)indicatedinfigure1,whichalsogives
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theprincipaldimensionsofthemodelas testedintheLangley&foot
hig&speedtunnel.Thefollowingmodelconfigurationsweretested:

(a)

(b)

(c)

(d)

(e)

(f)

(i3)

Mciiellesswingwithendwithouthorizontaltail

Mcdellesshorizontal

Completemodelwith

it

it

it

Completemodelwith

tt

it

it

Completemodelwith

it

it

Modellesshorizontal

tall

= 00, ae = -30

= 00, be = 00

= 00, Ee = 30

.—

‘-30, ae = 00

= 30, be = 00

= 30, 5= =-30

= 30, t5e= 30

= 3°, be = ~“

tailwithspeed-reductionbrake

Completemodelwithspeed-reductionbr~e

CORRECTIONS
●

Becauseoftherelativelysmallmodel
&ch numbers,wind-tunnelcorrectionssuch

requiredfortestingathigh
asmodelconstrictionand

-.

?.

—

wakeconstrictionaresmallup tothehighesttestMachnumberattained.
An estimationofthetunnelcorrection,obtained%yusingmethals
describedInreferences2, 3,4,and5, indicatesthatthecorrections
to theMachnuniberwill%e approximately1.5percentata tunnelMch..
numlerof 0.9forthehighestliftcoefficientqattained.Corrections
indynamicpressurewillbe ofthesameorder.ofmagnitude.Thelift

.- .

vortex-interferencecorrectionissmall,beinga changeinangleof
attackoflessthanO.1°atthehighestliftcoefficient.obtained.

#

Becauseof.thesmallmagnitudeofthecorrections,theyhavenot%een
appliedtothedatapresentedherein. -7

corimmra
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.

Tmnel-wallpressuremeasurementsshowedthattheflowinthetest
sectionwasfreeof Interferencefromtunnelchokingeffectsandfrom
theflowfieldofthesupportstrutat thehighestMachnwrherforwhich
datasxepresented.

Themodelwasaccuratelyconstructedand,%eingofall-metal
construction,remainedthesamethroughouttheinvestigation.Displacement
ofthemodelcenterofgravityrelativetothetrunnionexlsofthetunnel
duetoairloadswascontinuouslyobservedby theuseofa cathetometer.
Correctionsformodeldisplacementshavebeenappliedto thepitching
moments.Theangleofattackofthemodelwasalsocheckedhy theuse
ofthecathetometer:fm themsximumloadsoltainedthecherweinsnde
of’attackduetodeflectionofthemodelwasoftheorderof-0.20.&e
deflectionswere
investigated.

considerednegligiblefortheengl-f-attackrange

RXSUZTSANDDISCUSSION

AerodynamicCharacteristics

Dragchexacteristics.-F@re 5 presentsthevariationofangleof
attackanddragcoefficientwithliftcoefficientforthecompletemodel
througha Machnumberremgefrom0.4to 0.925.Thevariationofdrag
coefficientwithMachnumberforliftcoefficientsof 0.1end0.4is
showninfigure6. Figure6 alsoindicatesa completemodeldrag-
coefficientvalueof 0.0155fora liftcoefficientof 0.1at a Machnumber
of 0.6. WhentheMachnumberincreasestoapproximately0.78,a drag
forcebreakoccursforthehigl+speedlevel-flightliftcoeffi-
cient (CL= 0.1). Thisforcebreskisfollowedby a rapidincrease
indragcoefficientwithincreaseinMachnumber.At a Machnumber
of 0.925thewag coefficientreacheqa valueofapproximately0.083
whichisaboutfiveendone-half’timesthesubcriticalvalue.Tigure6
alsoindicatesa liftforcebreakat a Machnumberof 0.765 fora lift
coefficientof 0.4. Therapiddra~oefficientrisethatfollows
resultsina valueofapproxhately0.1055at a &ch numberof 0.925.

Liftcharacterlstics.-Thevariationofliftcoefficientwith
Machnumberforanglesofattackof-2°,0°,3°,snd60 ispresented
infigures7 and8 foralLmodelconfigurationsinvestigated.At sn
angleofattackof0°theliftforcebreakforthecompletemodel
occursat a Machnumberof 0.80.Forthisconditionthemmlellift
coefficientisapproximately0.30.Withincreaseinkch numberto 0.875
theliftcoefficientdecreasesrapidlyto approximatelyzero.Witha
furtherincreaseinWch numberto 0.925,theliftcoefficientincreases “
againto 0.2. Thisincreaseinliftcoefficientathighsupercrftical
Machnumbers,althoughsubjecttomorefundamentalinvestigation,is
believedtobe mainlytheresultoftheresrwerd movementoftheshock
disturbanceontheuppersurfaceofthewing,

coNFmmTIAL



8 coNFIDmm NACARM No.123A12

Pitchlw omentcharacterlstlcso-Figures7 and8 alsopresentthe
pitchi~cxnentcoefficientsforconstantanglesofattackagainstMach
number.Foralltheconfigurationspresented,”nolsxgechangesinthe ““
pitch~ment vsriatfonwithhkchnumberoccuruntila Machnumler ●

of0.85isreached.Thereafter,froma Machntiberof 6.85toapproxi-
mately0.95,largec~ges ~ Pitch@ momentOCCUrOWese change~in
pitchingmomentoc”curwithrelativelysmallincreasesinMachnudber. .

Aerodynamiccharacteristicsofa speed-reductionbrake.-Figure9
presentsthevariationofincrementaltiq?jliftjad p~tchi%+~nt
coefficientswithMachnumberduetotheadditionofa speed-reduction
brakeontheX+1 withandwithouthorizontaltail. Thevariationfor
allpracticalpurposesisessentiallythesamethroughouttheMach
nuniberrangetested;thatis,up toa Machnumberof0.925,thelimit
forthesetests.The?nodelconfigurationwastestedatan angleof
attackof-2°whichrepresentsapproximatelythezer-liftcondition.

Ifa wingloadingof40 poundspersqusxefoot is assumed,the
terminelMachnumberoftheX&l withspeed-reductionbrakesextended65°
isfoundtobe approximately0.83oraround598milesperhourat
15,000feet.‘Withoutthespeed-reductionbrakes,thete~~l velocitY-”
wouldcorrespondtoa Machnumberof0.93or670milesperhour. This
showsa 10.7>percentreductioninterminalvelocitydueto thebrakes
andindicatesthatthebrakesarebarelycapableofreducingthespeed
of themodelto thecriticalMachnuniberrange.

Figure9 showsthattheliftincrementproducedby<he speed–
●

reductionbrakesisnegligible.
-. —

Theincrementalpitchi~mmnt coefficientdueto thespeed- ‘ c
reductionbrakes,figure9, shins that at a ~ch numberofapProx~-
mately0.85a divingmcnnentisproducedandwitha furtherincreasein
Machnumberthisdivingmomenthasdecreasedsothatat~alhchnumber
of 0.94a pull-outmomentisindicated.Theseinetrendisshownfor
themodelwithouthorizontaltailexceptthatthepull-gutmomentat
a Machnumberof0.94 issomewhatlessthanthatwiththehorizontal
tail.

Tuftmrve~.-Woolentuftswereplacedontheslde_ofthefuselage
intheareabetweentheV@ trafli%Wge ~.the e~re~ tailendof
themodel.Neitherseparationnorunusualflowpatternswerenotedfor

—

theconfigurationstestedthroughoutthe~ch.pumberrseo me _
configurationsobservedwereas follows:

.
.—

1 1 ‘-
a ‘t be +

0’.10 00 o~ 0° *

3° 0° 6° 0°

3° 0° 6° ,2*ZO
●

cow~m~
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StaticLongitudinalstabilityCharacteristics

.

.

Thestaticlongitudinalstabilitycharacteristicsforthecomplete
modeltith It= 0°) be= 0° arepresentedas thevariationof
pitching+nomentcoefficientwithliftcoefficientforMachnumbers
from0.40to 0.925infigure10. Theusuallyexpectedstabilityincrease
withMachnuniberincreaseis indicatedforthepcsitivelift-coefficient
range.Theslopeofthepitch~momentcwe ~b%@L)M isapprOxi-
mately-0.08at a hch numberof 0.40 and increases toabout-0.16 at
a l%chnumberof0.925.Inthenegativelift-coefficientrangeinvesti-
gated,howeverthetrendisquitedifferent.Forthestabilizer
setting(of0°~themodelbecomesunsta%leinthisnegativeCL range
betweenapproximatekch numbersof 0.85to 0.90. Infiguresu to13
thissametrendmaybe notedforallstabilizerandelevatorsettings
tested.Itshcmldbe notedthattheanalysistie hereinisforen .
untrimmedconditionandtheairplanemayormaynotexperiencedifficulty
dependingontheflightplan. However,itshouldbe noted(infig.11)
thatfora Machnuniberof 0.875, a liftcoefficientofaboutO.@, and
a stabilizeranglefortrimofapproximately3.0, the airplane is
staticallyunstable.&causeofthelimitedrengeofliftcoefficient
andhch nuniber,theseriousnessofthisinstabilitymaybe questionable.
However,becauseoftheverylowliftcoefficientsattainedinsealevel
flight(fig,20),itwouldprobablymakeflightintheMachnumberrange
veryneartotheground hazardous becauseofthedangerofovercontrolling.
Heretoforethegenerallongitudinalstabilitycharacteristicsinthe
supercritical
numberatlow
to thestall.
regioninthe
criticalMach

s~ed rengeindicatedan increasingstabilitywithMach
liftcoefficients,aswellas highliftcoefficients,up
Thepresentinvestigationindicatesthatanunstable
lowornegativelift-coefficientrangeathighersupe~
nunibersdoesexistforthisconfiguration.c

Contributionofveriouscomponentsto constantipeedlongitudinal
stabilit~.-Thefollowinganalysishasbeenmadeto detertie qu~ita_Eively
theugnitudeofthecontributionofthevariouscomponentsinthe
approx~testaticlongitudinalstabilityequationto theunstable
conditionindicatedfortheX&l airplaneIntherangeoflowliftand
highspeed.Tnordertoascertainthecomponentcontributingmost,
eachprincipalcomponentofthegeneralstabilityequationforthe
completeairplanehasbeeno%tainedandevaluated.Theapproximate
constan+speedstaticlongitudinalstabilityequationusedisas follows:

d%

(J

a%—=—
dCL ac w

coNFIDmw
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Thisapproximateequationthenqualitativelyindicatesthatthe
principalcomponentsaffectingthelongitudinalstabili~y(d~dCL) of
theairplaneare:

.,
(neglectingqt/q)

--

1.

2.

39

4.

(Wc@L)w,
.

staticlongitudinalstabilityofthewing-fuselage ——
combination

●

d.

?K@a, thelift-curveslopeofthewin@?uselagecombination

d~/dCL,therateof changeofdownwashatthetailwithlift
ofthewing

(acL/@t, thelift-an?veslopeofthehorizontaltail

Twoliftrangese.re,consideredincomparingthesefactors: ,,-...

(a)Thelowliftrangefroma liftcoefficientof-0.1to 0.1,
(measuredatapproximately~ = O)

(%)Thehighliftrangefroma liftcoefficientof0.2to 0.3.
(measuredatapproximatelyO.3) —

Tn orderto ilhstratetheconstsnt+peedstaticlongitudinal.
stabilitycharacteristicsofthe233-1inthelowliftrange,as compared
withthestaticlongitudinalstahilftycharacteristicsinthehighlift
range,figure14hasbeenprepared.Itmaybe notedtl&tthemcdelin
thelowliftrangebeginstobecomeunstableatapprox}~telya Mach ?

numberof 0.80,andthedivergencebetweenthestabilityatthetwolift ‘“
coefficientsreachesa maximumat a Machnumberofapproximately0.885.

*
Thefirstcomponenttobe analyzed,thestaticlongitudinalstability

ofthewi~fuselageccmibination,IsshownInfigume15andindicatesa
divergenceforthetwoliftremgesconsideredbetweena Kch nuniber
of 0.825and0.9.

— ——

Thelif%urve slopeforthewingisshowninfigure16forthe
twoliftranges~onsidered.Thisfigureindicatesthatthevtifation
andtrendwithMachnumberisessentiallythesame.~< low-speed;alues‘“
arethesame,themaximumvalueofthelif%curveslopeoccursat a
Machnumberofabout0.80forbothliftranges,andthelowestvalueof-
thelift-curveslopeoccursata Machnuniberofapprox+tely0.875.
It shouldbe notedthatthemagnitud.esforthe.rangesconsideredsrequite
different,thelowliftrangeproducingtheh~ghestandtheluwestvalues.,,

Tnconsideringthedownwashcamponent(dc/dCL) +tn~ be noted ..

infigure17thatthevariationandtrendwithWch numberaxenotthe‘-”
sameforthetwoliftrangesconsidered,especiallyathighhbchnumbers.
Thevalueofthe d~/dCLisidenticalforbothliftremgesat a I’&ch ?
numberof0.70.However,inthelowliftrangethevu”iationof
downwashwithliftcoefficientincreasesrapidlywithMachnumberuntil”

CONFIDENTIAL
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.

a valueof8.2 isreachedata Machnuniberof 0.875.~is valueis
142percentgreaterthanthevalueat a Wch numberof 0.70. Inthe
highliftrange,ontheotherhand,thevalueof de/dinonlydecreases
whena Jbchnunherof 0.875isreached.Thetrendisalsodivergent
frcunaMachnumberof”O.~5to 0.925.

Thelift+urveslopeofthehorizontaltailas showninfigure18
isthesameforbothliftremgesconsideredandthereforeithasno
effectonthedifferenceinstaticlongitudinalstabilityforthelift
rangescotiidered.

Thisanalysisillustratesqualitativelythattheprimarycontributors
to theinstabilityoftheX&l modelat lowliftcoefficientsandhigh
Machnumbersare: (1)Thelongitudinalinstabilityofthewing-fuselage
combinatio~snd(2)theincreaseintherateofeffectivedownwashwith
liftcoefficient.

Figure19presentsthestick-fixedneutral-pointvariationwith
Machnumberwhenthemodelis inlevelflightat sealevelandaltitudes
of 30,000feetand40,000feet.An averagerearwardshiftoftheneutral
pointfrom3&percentmeanaerodynamicchordat a &ch numberof 0.60
to4&percentmeanaercxQnamlcchordat a Machnumiberof 0.925isshown
forthealtitudeof40,000feet.

Ccmtrolcharact6ristics.-Thevariationof level-flightliftcoeffi-
cientwithl.kchnumberforthemodelwitha wingloadingof40 pounds

Q, persquarefootat sealevelandaltitudesof 30,000feetand40,000feet
ispresentedinfigure20. Thestabilizersettingsendelevatwdeflections
requiredto trtmthemodelinlevel-flightat sealevelandaltitudes
of 30,000feetand40,000feetshowninfiguresElend22 indicatea*
changeof onlya fewdegreesforeitherthestabilizeror elevatorinthe
Machnumberrangebetween0.825end0.925.Itshouldbe noted,however,
thatthesechanges,althoughnotexcessive,occurrapidlywithsmall
increaseinMachnumberandrapidmanipulationofthecontroltillbe
necessary.

Thestabilizerandelevatoreffectivenessareshowninfigures23
and24forangles-ofattackof-2°,0°,and3°. Theeffectiveness
ofbothstabilizerandelevatmispracticallythesamefortheangl~
of+ttackramgetested.ThestabilizereffectivenessdecreasesWh
increaseinspeedfroma Machnuniberof O.~ to 0.925.

Theelevatoreffectivenessincreaseswithspeeduntila &ch
numberof 0.825isreached.Thena slightdecreaseisnotedforangles
ofattackof 0°and3°. Thedecreaseisslightlymorerapidforam
angleofattackof+!”up tothehighesttest&ch numberof0.925.

b thefiguresjustpresentedforstabilizerandelevator
effectiveness,theeffectofduwnwashanddynamicpressureat thetail

CONFIIENTW
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is included.However,infigure25 theeffectivenessofthehorizontal
tailwithoutdownwasheffectsisshownwithMachnumberandindicates
theeffectsofcompressibilityandfuselageinterferenceonthehorizontal
tail● .

CONCLUSIONS .-
.

1.A dragforcel)reakoccursat a Machnuniberof 0.78,followed
by a rapidriseindragcoefficientwithMch nunberfora liftcoeffi-
cientof0.1.

2.A liftforcebreakoccursata Machnumberof 0.80,followed
%y a decreaseemdthenan increaseinliftcoefficientwithMachnumber
foranangleofattackof OO. —

3. Thisconfigurationhasa highdegreeof constan~peedstatic
longitudinalstabilityexceptfora narrowrang?ofMachnumber
(approximate=0.875to 0.90)atIowliftcoefficients.

.

h. Stabilizerandelevatoreffectivenesstendtodecreaseat the
highWch nunhers,butno seri.cn+controlproblemsareexpectedup to
thehighestMachnumberinvestigatedbecausethe,lowestdegreeof
effectivenessIsstillofsucha magnitudeas to controlchangesintrim
forlevelflightat thedesiredaltitudes.

5. Tuftsurveysoftheaftportionofthe@selageshowedno
separationorunusualflowpatternsup toa &ch.numbero~0.925fora
maximumangleofattackof3°anda msxinmmyawangleof2.2°.

6. Theresultsshuwthatthespeed-retardingbrakeslocatedon
thefuselage%ehindthewingarebarelycapable.ofreducingtheteti~l ““__
velocityoftheairplanetothecriticalMachnumberrangq.

—

—

—

.-

r

LangleyI@mmrialAeronauticalLaboratory
--

NationalAdvJsoryComaitteeforAeronautic-s
LangleyField,Va.

*-

CONT’DENTIAL
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